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ABSTRACT 

A study is made of t h e  cr i ter ia  t o  be used i n  designing 

a low frequency space probe. An opt imizing procedure is de- 

t a i l e d .  Frequencies t o  be observed are set by t h e  magneto- 

i o n i c  parameters X = (w 

f l i g h t .  Dipole antennas are discussed and it is shown t h a t  

longer  d i p o l e s  are genera l ly  d e s i r a b l e .  Receiver types  a r e  

and Y = wh/w encountered i n  t h e  
~ 

P 

descr ibed.  Receiver input  impedance is discussed.  I t  is 

shown t h a t  high impedance r e c e i v e r s  are p r e f e r a b l e  unless  

s e n s i t i v i t y  is a s e r i o u s  problem. I t  is shown t h a t  a moderate 

imbalance i n ' a  balanced high impedance r e c e i v e r  can be 

neglected.  

A c a l i b r a t i o n  method is ou t l ined .  Dummy antennas are 

used t o  r ep resen t  t h e  f l i g h t  antenna. The dummy antenna 

parameters are d iscussed .  Receiver impedance measurements 

are d iscussed .  Line  l eng ths  of less than ~ / 1 0 0 0  are shown 

t o  be important.  

Analysis  of f l i g h t  d a t a  is discussed.  The equat ion 

r e l a t i n g  antenna temperature t o  dummy antenna temperature 

is given. 

The payload of t h e  Astrobee 16.03 sounding rocket  is 



described. Launch day ope ra t ions  are also d iscussed .  

Synchrotron r a d i a t i o n  and r a d i a t i v e  t r a n s f e r  are reviewed. 

A model spectrum is f i t t e d  t o  t h e  obse rva t iona l  data, assuming 

an aver  

r a d i a t i o n  and 2.5 cmm6 pc for t h e  e x t r a g a l a c t i c  r a d i a t i o n .  

emission measure of 5 cmW6pc f o r  t h e  galactic 
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IWRODUCTION 

The sc ience  of astronomy depended on t h e  o p t i c a l  window 

of t h e  e a r t h ' s  atmosphere f o r  m i l l e n i a  as t h e  s o l e  channel 

of astronomical d a t a .  The r a d i o  window, s tud ied  f o r  t h e  

pas t  t h i r t y  years, is providing a v a s t  s t o r e  of new information 

about t h e  universe .  The r ad io  window extends from about 
- .- 

10000 MHz t o  10 MHz. A t  lower f requencies  t h e  ionosphere 

absorbs and reflects t h e  incoming r ad io  waves, prevent ing 

accu ra t e  observat ions.  Consequently, rocke t  and s a t e l l i t e  

experiments above t h e  ionosphere are necessary t o  carry out  

re l iable  r ad io  astronomical  measurements much below 10 MHz. 

Ground based observa t ions  have shown t h a t  t h e  i n t e n s i t y  

of t h e  cosmic r a d i o  no i se  background inc reases  toward lower 

frequency as Itcv down t o  10 MHz. Going below t h i s  f r e -  

quency ground based measurements become increas ingly  unce r t a in ,  

but from a v a i l a b l e  space probe data and phys ica l  cons ide ra t ions ,  

it is bel ieved t h a t  t h e  maximum i n t e n s i t y  is reached a t  2-3 MHz. 

Below t h i s  frequency t h e  i n t e n s i t y  is lower because of in- 

creased absorp t ion  by  ion ized  hydrogen. I n  add i t ion  t h e  

exponent of v f o r  t h e  synchrotron emission mechanism, which 

produces t h e  no i se ,  begins  t o  increase  and it becomes p o s i t i v e  

somewhere below 1 MHz. More observa t ions  are needed t o  

c l a r i f y  t h e  na ture  of t h e  spectrum between 3 MHz and the  next 

low-frequency observing l i m i t  of about 50 kHz imposed by  t h e  

i n t e r p l a n e t a r y  medium. Nondirect ional  observa t ions  w i l l  y i e l d  

information on t h e  average features  of t h e  g a l a c t i c  ionized 



gas.  D i rec t iona l  observa t ions  w i l l  a l s o  permit study of 

s p e c t r a  of those  sources  with r a d i a t i o n  t h a t  is not s e r i o u s l y  

a f f e c t e d  by t h e  in te rvening  H I I ,  as w e l l  as t h e  detailed 

d i s t r i b u t i o n  of H I I .  

This  paper desc r ibes  t he  procedures i n  designing and 

c a l i b r a t i n g  a low frequency r a d i o  astronomy space probe. 

Considerat ion w i l l  be given t o  choice of r e c e i v e r ,  antenna 

and antenna impedance probe, and t o  e s s e n t i a l  s t e p s  of 

c a l i b r a t i o n .  Data reduct ion  is d iscussed ,  as w e l l  as the  

a s t rophys ica l  s i g n i f i c a n c e  of t h e  da t a .  The Astrobee 16.03 

payload is presented a s  an example of t h e  procedures ou t l ined .  



SECTION I 

SYSTEM OPTIMIZATION 

A .  Frequency Se lec t ion  

A fundamental dec i s ion  t o  be made i n  designing a 

s y s t e m  w i l l  be t h e  choice of observing f requencies .  Cri ter ia  

may vary w i t h  each mission but  t h e  cons ide ra t ion  which should 

a l w a y s  be taken is t h e  lowest frequency t o  be used. For 

most experiments this w i l l  be set by t h e  plasma frequency 

and e l e c t r o n  gyro frequency surrounding t h e  spacec ra f t .  In  

gene ra l ,  h igher  a l t i t u d e s  w i l l  permit observat ion a t  lower 

f requencies .  For a plasma rad ian  frequency w a gyro rad ian  

frequency wh and an observing rad ian  frequency w ,  t h e  magneto- 

i o n i c  parameters X and Y are def ined by 

P’  

w 

A p l o t  of Y2 v s  X a t  s e v e r a l  f requencies  along a planned 

veh ic l e  t r a j e c t o r y  shows which f requencies  w i l l  a l low u s e f u l  

cosmic r ad io  noise  observa t ions .  See f i g u r e  1. 

The o r i g i n  on t h e  X-Y2 diagram rep resen t s  t h e  absence of 

plasma and magnetic f i e l d s .  Region I is the  only area where 

r e l i a b l e  measurements can be made a t  present .  The no ta t ions  

0 or E i n  t h e  f i g u r e  i n d i c a t e  propagation of t h e  ordinary or 

ext raord inary  wave i n  each region.  The angle  between t h e  

d i r e c t i o n  of propagation and t h e  magnetic f i e l d  is Y .  
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The r a d i a t i o n  t o  be observed can be considered t o  

come from the  o r i g i n  (free space) and t o  proceed toward t h e  

poin t  on t h e  diagram where t h e  r a d i o  probe is opera t ing .  A t  

Y = 1-X t h e  ex t raord inary  waves w i l l  be r e f l e c t e d  and not  

received i f  t h e  probe is opera t ing  o u t s i d e  region I .  The 

ordinary wave w i l l  be r e f l e c t e d  a t  X = 1. Consequently, i n  

reg ions  IV, V, VI1 and VI11 t h e r e  w i l l  be e s s e n t i a l l y  no cosmic 

r a d i a t i o n  a r r i v i n g .  The ordinary wave w i l l  reach reg ions  

1 1 ,  I11  and VI but  i n t e r p r e t a t i o n  of antenna impedance measure- 

ments is still  inadequate 

from these regions.  

B. Antenna Choice 

A d i r e c t i o n a l  or 

t o  ob ta in  accu ra t e  measurements 

nondi rec t iona l  antenna may be chosen, 

according t o  t h e  purpose of t h e  observa t ions  and complexity 

of t h e  s p a c e c r a f t .  Discussion of d i r e c t i o n a l  antennas w i l l  

not be undertaken here because of the  many s p e c i a l  problems 

a s soc ia t ed  with each type .  Dipoles w i l l  be considered i n  

more d e t a i l .  

For d ipo le  antenna experiments it is w e l l  t o  recall 

t h a t  t h e  antenna l eng th  does not affect  t h e  power a v a i l a b l e  

t o  a matched r e c e i v e r .  Any antenna can d e l i v e r  a power 

PL = & SAAv t o  a r e c e i v e r ,  where S is t h e  f l u x  d e n s i t y ,  

Av is bandwidth, t h e  c o l l e c t i n g  area A = Gh /4n and G is t h e  

ga in  of t h e  antenna. 

i s o t r o p i c ,  or i f  w e  assume a uniform s k y  b r igh tness  d i s t r i b u t i o n ,  
2 w e  can set G = 1 and then A = 1 /4n independent of t h e  antenna 

2 

I f  w e  assume t h e  d ipo le  p a t t e r n  t o  be 
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l ength .  However, t h i s  idealized t rea tment  of a v a i l a b l e  power 

f a l l s  down somewhat i n  real  cases where shunt  capac i tance  

between t h e  antenna extending mechanism and t h e  s p a c e c r a f t ,  

f o r  example, may make it d i f f i c u l t  t o  match t o  t h e  antenna. 

I t  also d i s r ega rds  ohmic l o s s  i n  t h e  antenna,  

The power PL reaching  a r e c e i v e r  f r o m  an antenna 

can be determined from t h e  equ iva len t  c i r c u i t  i n  f i g u r e  2.  

For a vo l t age  V across t h e  r e c e i v e r  r e s i s t a n c e  RL t h e  power 

is PL = E*. By vo l t age  d i v i s i o n  it is seen t h a t  
RL 

e RL Q =  

2 e R, 
so t h a t  

Nyquist ' s  formula relates antenna vo l t age  e w i t h  antenna 

temperature TA: 

2 = 4k TA RA Av 

where k is Boltzmann's cons t an t .  

Thus 
4k TA RA Av RE 

- Equation 1 
pL - ( R ~ + R ~ )  2+ (xL+xA) 

I n  opt imizing both d i p o l e  length  and r ece ive r  impedance, 

s u f f i c i e n t  s e n s i t i v i t y  and maximum measurement accuracy must 

be considered.  The l a t t e r  is best  achieved by minimizing 

the-change i n  received power PL caused by a change i n  antenna 

reac tance  XA, or equ iva len t ly  by  an error i n  measured r ece ive r  
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reac tance  XL. 

XA,  t h e  s lope  aPL/aXA should be minimized near  t h e  expected 

value of XA. 

is of less value.  A change of antenna r e s i s t a n c e  may a f f e c t  

both t h e  power t r a n s f e r  func t ion  and t h e  a v a i l a b l e  vol tage  i f  

t h e  r e s i s t a n c e  change is p a r t i a l l y  due t o  changed r a d i a t i o n  

r e s i s t a n c e .  I n  any case varying X w i l l  i n d i c a t e  about t h e  

s a m e  optimum cond i t ions  obtained by  varying RA. 

If received power is p l o t t e d  as a func t ion  of 

RA A similar t reatment  for antenna r e s i s t a n c e ,  

A 

Dipole antenna impedance is shown i n  f i g u r e  3. The 

parameter &/A is t h e  ha l f  l ength  of t h e  antenna i n  wavelengths. 

Thus 4 , / x  = .25 f o r  a ha l f  wave d i p o l e .  

The choice of d ipo le  antenna length  is of some 

importance f o r  a matched r e c e i v e r  as is seen i n  f i g u r e  4.  

The 0 i n d i c a t e s  t h e  nominal value of XA,  i n  t h i s  case a t  t h e  

peak. The power received from a s h o r t  d ipo le  w i l l  be very 

s e n s i t i v e  t o  s m a l l  e r r o r s  i n  reac tance .  In a longer  d ipo le  

t h e  s e n s i t i v i t y  t o  reac tance  e r r o r s  is decreased owing t o  the  

g r e a t e r  r a d i a t i o n  r e s i s t a n c e  of t h e  longer d ipo le .  

Antenna length  is a major f a c t o r  when using high 

impedance r ece ive r s .  Since t h e  vol tage  generated i n  an antenna 

is propor t iona l  t o  t h e  r a d i a t i o n  r e s i s t a n c e  of t h e  antenna,  

t he  s y s t e m  s e n s i t i v i t y  w i l l  depend on t h a t  r e s i s t a n c e  which 

i n  t u r n  depends on antenna length .  In  f i g u r e  5 ,  increas ing  

t h e  antenna length  sevenfold raises t h e  s e n s i t i v i t y  more than 

20 db. An a d d i t i o n a l  advantage of t h e  longer  a n t  nna is t h a t  

its r a d i a t i o n  r e s i s t a n c e  can b e  determined more accu ra t e ly  
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than when t h e  antenna is s h o r t .  The r e s i s t a n c e  of a s h o r t  

d ipo le  is more d i f f i c u l t  t o  determine because of t h e  sepa ra t ion  

of t h e  antenna d r i v i n g  p o i n t s  (’) and poss ib l e  plasma sheath 

e f f e c t s  near  t h e  veh ic l e  . (2) 

When contemplating t h e  use  of long d ipo le s  one must 

remember t h a t  on sp inning  bodies  with energy d i s s i p a t i n g  

elements t h e r e  is a s t rong  tendency t o  s p i n  around t h e  a x i s  

having t h e  maximum momentof i n e r t i a .  Extending one long 

d ipo le  from a spinning v e h i c l e  may cause a dynamic i n s t a b i l i t y  

which l eads  t o  a s h i f t  i n  s p i n  a x i s  and c a t a s t r o p h i c  r e s u l t s .  

For t h i s  reason two d ipo le s  are chosen when t h e  length  desired 

is much g r e a t e r  than 50 feet .  

C .  Receiver L 

The choice of r ece ive r  involves  two f a c t o r s :  its 

input  impedance and its type  of opera t ion .  Power matching 

t o  t h e  antenna is usua l ly  unnecessary and indeed undes i rab le .  

The e r r o r  due t o  a s m a l l  change i n  antenna c h a r a c t e r i s t i c s  

i n  f i g u r e  4 is q u i t e  l a r g e  compared w i t h  t h a t  f o r  the 300000 

curve i n  f i g u r e  6c. High impedance receivers minimize t h i s  

e r r o r  and a l s o  permit several r e c e i v e r s  t o  ope ra t e  simultaneously 

on one antenna. 

The  r e c e i v e r  is considered t o  begin a t  t h e  d r i v i n g  

poin t  of t h e  antenna and t o  include t h e  shunt capaci tance 

of t h e  antenna extender  and t h e  cab le s  t o  t he  r e c e i v e r  box. 

A very high impedance r e c e i v e r  is d i f f i c u l t  t o  achieve be- 

cause t h i s  shunt capac i tance  can d r a s t i c a l l y  lower t h e  high 
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impedance of t h e  receiver. The shunt  capac i tance  should be 

he ld  t o  an abso lu te  m i n i m u m  by c a r e f u l  design of t h e  antenna 

extender  and by s h o r t  c a b l e  runs or unshielded cab le s .  Separate  

p reampl i f i e r s  near  t he  antennas can h e l p  i n  shor ten ing  cable 

runs .  F igure  7 shows t h e  effect of d i f f e r e n t  shunt capac i tances  

on t h e  s lope  aPL/aXA. 

c i r c u i t s  i n  t h e s e  f i g u r e s  because t h i s  is a good phys ica l  

d e s c r i p t i o n  of t h e i r  characterist ics.  

Receivers  are treated as p a r a l l e l  

Given t h e  minimum p r a c t i c a l  r e c e i v e r  shunt  capac i tance ,  

t h e  optimum shunt  r e s i s t a n c e  must be found t o  minimize aP /ax 
near  t h e  ope ra t ing  po in t .  Th i s  va lue  of shunt  r e s i s t a n c e  is 

not  t h e  h ighes t  poss ib l e  r e s i s t a n c e ,  as is f r equen t ly  assumed, 

b a t  depends on frequency and shunt  capac i tance .  See t h e  

examples i n  f i g u r e  6 ,  A t  a given frequency t h e  optimum shunt  

r e s i s t a n c e  is equal  t o  t h e  magnitude of t h e  shunt  reac tance .  

Th i s  provides  t h e  maximum series r e s i s t a n c e  and reduces t h e  

s e n s i t i v i t y  of PL i n  equat ion  1 t o  changes i n  reac tance .  A 

compromise must t hen  be found f o r  t h e  frequency range t o  be 

observed. 

L A  

The frequency response of t h e  f r o n t  end of t h e  r e c e i v e r  

must have a s t e e p  ro l l -o f f  w e l l  below t h e  ionospheric  c r i t i ca l  

frequency or it may be affected by RF break-through from t h e  

ground. 

and render  t h e  c a l i b r a t i o n  u s e l e s s .  

This  R F  break-through could s a t u r a t e  t h e  r e c e i v e r  

There is a v a r i e t y  of r e c e i v e r  t ypes  which can be used. 

Each of them has c e r t a i n  s t r o n g  and weak p o i n t s .  Among t h e  
t 
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advantages t o  be weighed f o r  a p a r t i c u l a r  mission are f a s t  

response,  long-term s t a b i l i t y ,  continuous coverage of each 

frequency, multi-frequency c a p a b i l i t y ,  dynamic range and 

i n t e n s i t y  r e so lu t ion .  A r e l a t e d  dec i s ion  w i l l  involve t e l e m e t r y  

c a p a b i l i t y  and desired t i m e  r e s o l u t i o n .  A tuned radio-frequency 

receiver, f o r  example, w i l l  g ive  fas t  response and good t i m e  

r e so lu t ion .  Its p e n a l t i e s  are s i n g l e  frequency opera t ion  and 

f u l l  t i m e  need f o r  one or more t e l e m e t r y  channels.  The R y l e -  

Vonberg conf igu ra t ion  provides good long t e r m  s t a b i l i t y  and 

s e v e r a l  f requencies  i n  sequence. Its shortcomings are slow 

response and complexity. Several  types  of swept frequency 

r e c e i v e r s  o f f e r  advantages of wide speee ra l  coverage i n  e i ther  

continuous or c l o s e l y  s tepped increments of frequency. Unless 

t he  r e c e i v e r  can be swept r a p i d l y ,  it w i l l  not  provide good 

coverage a t  any s i n g l e  frequency. Addi t iona l ly ,  swept 

r e c e i v e r s  are more t ed ious  t o  c a l i b r a t e  adequately.  

A r e c e i v e r  audio channel a v a i l a b l e  f o r  p re - f l i gh t  

eva lua t ion  of t h e  spacec ra f t  Radio Frequency In t e r f e rence  

(RFI) problems is a very va luable  asset. One of t h e  major 

problems i n  low frequency cosmic r a d i o  noise  experiments t o  

date has  been RFI generated on t h e  payload. 

A f l i g h t  no ise  source should be included i n  any 

payload as a means of checking t h e  r e c e i v e r s .  This  is very 

convenient during ground checks and is e s s e n t i a l  during 

f l i g h t  for any type  r ece ive r .  
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D. E f f e c t s  of I n e q u a l i t i e s  i n  Balanced Systems 

To determine t h e  e f f e c t  of i n e q u a l i t i e s  of t h e  

impedances on two s i d e s  of a balanced s y s t e m ,  consider  one- 

ha l f  of t h e  d ipo le  and one preampl i f ie r  i n  f i g u r e  8. I f  t h e  

ha l f  d i p o l e  impedance is Z A / 2 ,  hal f  d i p o l e  vol tage  eA/2, 

preamp impedance Z L / 2 ,  and t h e  preamp vol tage  ga in  g ,  t h e  

output  vo l t age  of a preamp is 

A e A zL ZL/2 e 
T = g -  - 2 vi = g 

ZL/2+Z8/2  ZL+ZA 

Let u s  de f ine  a complex r a t i o  r by ZL = r ZA, Then 

A e 

2 
'A - vi = g 

(r+l) zA 

A e r 
' i = g =  T Equation 2 

For a high impedance r e c e i v e r , ( r l  >>I, and s m a l l  d i f f e r e n c e s  

between t h e  r f o r  each ha l f  of t h e  s y s t e m  are n e g l i g i b l e .  

Thus i f  t h e  two preamps have s l i g h t l y  d i f f e r e n t  impedances, it 

has almost no e f f e c t .  

I f  r is on t h e  o rde r  of 1 t h e  two s i d e s  must be more 

near ly  t h e  same. 

for example, i f  w e  assume t h e  antenna ha lves  produce equal  

For t h e  two vo l t ages  Vi t o  be wi th in  5% 

vo l t ages  and t h e  ga ins  are equa l ,  it is requi red  t h a t  r l / r l+l  

be wi th in  5% of r2/r2+1. I f  rl = 2 ,  then the  requirement is 

1 ,73  < r2 < 2.33  
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This  w i d e  range i n d i c a t e s  t h a t  unequal preampl i f ie r  impedances 

should not present  much d i f f i c u l t y .  

If t h e  ga ins  of the two p reampl i f i e r s  are unequal 

t h i s  produces an imbalance propor t iona l  t o  t h e  i n e q u a l i t y ,  

r ega rd le s s  of t h e  input  impedance of t h e  preamps. Therefore ,  

care should be taken  t o  make t h e  ga ins  equal .  

I t  might be thought t h a t  any i n e q u a l i t i e s  are c a l i b r a t e d  

out  and do not  matter. T h i s  is only t r u e  i f  each s i d e  is 

c a l i b r a t e d  e s s e n t i a l l y  sepa ra t e ly  accounting a l s o  f o r  any 

i n e q u a l i t i e s  i n  t h e  two ha lves  of t h e  dummy antenna which is 

used i n  c a l i b r a t i o n .  

If t h e  preamp output  vo l tage  Vi is phase s h i f t e d  by 

an amount ~6 t h e  d i f f e r e n c e  between t h e  s h i f t s  i n  t h e  two 

preamps, Ad = Ad, - Ad,, should be near  zero .  

from ze ro  t h e  vo l t age  V drops.  T h i s  decreases t h e  s e n s i t i v i t y  

a s  cos  Ab. More important ly ,  an error caused by a d r i f t  of 

Ad a f t e r  c a l i b r a t i o n  w i l l  i nc rease  as s i n a d ,  so an i n i t i a l  

i’ 
As Ab depa r t s  

R 

Ad = 0 provides t h e  maximum accuracy. Therefore  t h e  two 

phase s h i f t s  Ad, and Ad, should be made a s  equal  as poss ib l e  

ac ross  t h e  range of observing f requencies .  

E.  F l i g h t  Impedance Measurements 

An impedance probe, Z - m e t e r  or capac i tance  probe is 

requi red  f o r  any experiment which may a t  t i m e s  ope ra t e  ou t s ide  

of region I of t h e  X-Y2 diagram. 

s u r e  where each frequency is opera t ing  on t h i s  diagram. The 

Without it , one cannot be 

probe w i l l  be switched pe r iod ica l ly  on t o  t h e  antenna t o  determine 

antenna impedance or a t  least its capac i tance .  



SECTION I1 

CALIBRATION PROCEDURES 

A .  Equipment P repa ra t ion  

1. Noise source  

A radio-frequency no i se  source is t h e  p re fe r r ed  

means of r e c e i v e r  c a l i b r a t i o n .  Using a monochromatic s i g n a l  

would r e q u i r e  accu ra t e  knowledge of t h e  bandpass and detector 

characteristics of t h e  r e c e i v e r .  The no i se  source should have 

a spectrum shaped l i k e  t h a t  of t h e  expected cosmic no i se  back- 

ground. Th i s  w i l l  produce harmonics and intermodulat ion i n  

t h e  r e c e i v e r  f r o n t  end i n  a s imilar  degree for c a l i b r a t i o n  

as occurs  dur ing  f l i g h t  so t h a t  t h e s e  problems can be neglec ted .  

The necessary n o i s e  temperatures  are on t h e  o r d e r  of 1O1'0K. 

These temperatures  are requi red  t o  cal ibrate  f o r  expected s k y  

b r igh tness  temperatures  near  1 0 7 0 K  w h i l e  a l lowing f o r  perhaps 

an a d d i t i o n a l  30 db dynamic range above 1 0 7 0 K  i n  t h e  receivers 

and al lowing f o r  up t o  40 db loss i n  t h e  dummy antennas used 

i n  c a l i b r a t i o n .  Figure 9 shows one scheme for determining 

t h e  output  temperature  of t h e  n o i s e  source.  

The Wayne K e r r  SR268 r e c e i v e r  used w i t h  a t i m e  

cons tan t  of .25 sec w a s  adequate t o  detect .1 db changes of 

t h e  a t t e n u a t o r  s e t t i n g ,  a l lowing .05 db o r  1% accuracy. 

Th i s  is s u f f i c i e n t  because t h e  s tandard  no i se  sources  a v a i l a b l e  

are accura t e  t o  no better than  1%. 

Frequent checks on no i se  output  dur ing  c a l i b r a t i o n  

10 
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are desirable. I n  r o u t i n e  checks a broadband RF vol tmeter  

should be adequafe t o  show any s h i f t  i n  n o i s e  output .  I t  is 

adv i sab le  t o  r epea t  t h e  d e t a i l e d  no i se  source  c a l i b r a t i o n  

a f te r  nayload c a l i b r a t i o n  and p r i o r  t o  launch. 

2. Rummy antennas 

A dummy antenna al lows a known amount of no i se  

power f rom a c a l i b r a t e d  n o i s e  source  t o  be put  i n t o  t h e  

r ece iv ing  s y s t e m  from a source  of t h e  same impedance as t h e  

antenna.  Although t h e  r e c e i v e r  could ,  i n  p r i n c i p l e ,  be 

c a l i b r a t e d  from a 50 ohm source ,  t h e  c o r r e c t i o n s  f o r  f l i g h t  

antenna impedance would be much l a r g e r  and consequently more 

prone t o  e r r o r .  A l s o  t h e  no i se  f i g u r e  of t h e  r e c e i v e r  may 

v a r y  w i t h  t h e  impedance it sees, s o  us ing  a dummy antenna 

impedance s imilar  t o  t h e  f l i g h t  antenna w i l l  minimize t h i s  

e f f e c t .  F igure  10 shows a dummy antenna.  The t ransformer  

secondary impedance RS is 10 or 20 t i m e s  t h e  antenna r e s i s t a n c e  

BA. Thus, t h e  output  impedance of t he  dummy antenna box is 

approximately RA i n  series with CA. 

l eng th  le which a t t a c h  t o  t h e  box are included i n  t h e  dummy 

antenna.  These c a b l e s  may be chosen t o  r ep resen t  t h e  

The cables of electrical 

capac i tance  of t h e  antenna ex tens ion  mechanism i f  it is n o t  

e lec t r ica l ly  included i n  t h e  c a l i b r a t i o n .  O t h e r w i s e ,  t h e y  

should be as s h o r t  as  p o s s i b l e .  

When measuring t h e  impedance of t h e  dummy antenna,  

cables of t h e  s a m e  electrical  l eng th  le are used t o  a t t a c h  t o  

the  impedance b r idge .  Thus, t h e  effect  of t he  cable need no t  



b 

12 

be c a l c u l a t e d  and removed from t h e  measurement. A simple 

means of determining electrical length  is shown i n  f i g u r e  11. 

The vol tmeter  r eads  a minimum when t h e  open l i n e  is a q u a r t e r  

wavelength. By f i n d i n g  t h e  lowest frequency f o r  a minimum 

vo l t age  when both cab le s  are a t t ached  f and f o r  when only 

t h e  test c a b l e  is attached f one can determine t h e  electrical 

length  of t h e  unknown cable from 

€3’ 

T’ 

where f g  and fT are i n  MHz and le is i n  meters. 

The dummy antenna temperature !f,Acan be determined 

a t  a given frequency us ing  a narrow band s i g n a l  a t  t h a t  frequency. 

See f i g u r e  12. By measuring t h e  loaded genera tor  vo l t age  e 

and t h e  open c i r c u i t  ou tput  vo l t age  eo one has:  
i 

e 2 = 4 k T  R Av 
g g g  

for DA input  impedance of 500 e = k T R Av s i n c e  ei = $ eg 2 
i g g  

0 2  2 e 

ei 
e = ~ B T  R A V  = (-1 ei 

0 DA o 

Thus 

0 2  e 

ei 
Now (-) can be determined using an RF vol tmeter .  

0 2  e e 
(-1 k T  R A V  - (2l2 1 ei2 - - ei g g  

4k Ro Av 4k Ro Av T~~ - 

Equation 3 
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This  equat ion w i l l  then hold for a no i se  genera tor  with t h e  

r ece ive r  de f in ing  t h e  ope ra t ing  frequency. 

3. Impedance probe loads 

The impedance probe should be cal ibrated over a 

w i d e  range i f  magnetoionic resonances w i l l  be encountered. 

These may change t h e  antenna impedance by more than an o rde r  

of ‘magnitude (324). E i t h e r  series or p a r a l l e l  loads  can be 

used. The loads  must be measured a t  RF t o  determine t h e i r  

exac t  va lue .  

B. 

The r e c e i v e r  is considered t o  inc lude  t h e  cables and 

r e l a y s  which connect t o  t h e  antennas.  I t  a l s o  inc ludes  t h e  

capac i tance  of t h e  antenna ex tender .  The measurements of re- 

c e i v e r  impedance are taken  e i t h e r  a t  t h e  cables a t t ach ing  t o  

t h e  antenna or i f  poss ib l e  through a second connector  on t h e  

antenna. The unbalanced and balanced impedances are measured 

a t  each frequency. The cables connecting t h e  br idge  t o  t h e  

r ece ive r  should be measured f o r  electrical length  and t h e i r  

e f f e c t  removed v i a  t h e  equat ion:  

ZBR-jZotanf3 

zRCVR - zo Zo-j  ZBRtan €I 
- Equation 4 

ZBR = impedance br idge  reading 

= r e c e i v e r  impedance ’RCVR 

’. 
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Zo = cable c h a r a c t e r i s t i c  impedance 

I t  should be pointed ou t  t h a t  i n  high impedance s y s t e m s  l i n e  

l eng ths  of even less than  x / l O O O  cannot be neglec ted  i f  a c c u r a t e  

c a l i b r a t i o n  is t o  be achieved. A s imple r u l e  of thumb a t  

these f requencies  is t o  account f o r  a l l  l i n e s  l a r g e r  than  1 

cent imeter .  For example w i t h  a b r idge  reading  of Z -5QOO-j5000 

a t  ~ / 1 0 0 0  f r o m  t h e  receiver, us ing  a balanced p a i r  of 50R 

cables ( e f f e c t i v e l y  loon) t h e  r e c e i v e r  impedance is found 

= 8785-j3267. If t h e  cables using equat ion  4 t o  be Z 

had simply been represented  as a lumped capac i tance  t h e  

BR- 

RCVR 

r e c e i v e r  impedance would have been c a l c u l a t e d  t o  be ZRcVR=9945+j740. 

Thus it is clear t h a t  t h e  l i n e  l eng ths  must be treated proper ly .  

C .  Receiver Noise C a l i b r a t i o n  i n  Payload 

The receiver is c a l i b r a t e d  us ing  t h e  high l e v e l  

no i se  source and t h e  dummy antennas as i n  f i g u r e  13. The 

a t t e n u a t o r  is s tepped through t h e  dynamic range of t h e  receiver. 

Th i s  procedure is repea ted  a t  several r e c e i v e r  temperatures .  

Figure 14 shows t h e  dynamic response of a R y l e  Vonberg receiver 

c a l i b r a t e d  us ing  an automatic  s y s t e m  which s t e p s  t h e  a t t e n u a t o r  

and pu t s  t h e  r e c e i v e r  ou tput  vo l t ages  d i r e c t l y  on punched 

cards f o r  computer p l o t t i n g .  Such a s y s t e m  is nea r ly  ind ispensable  

for  c a l i b r a t i o n  of many f requencies  a t  several temperatures .  

These R y l e  Vonberg r e c e i v e r s  have three 20 db ranges 

f o r  a t o t a l  dynamic range of 60 db. The f i n e  and coa r se  

ou tpu t s  provide redundant information.  The r e p e a t a b i l i t y  of t h e  

data a t  each temperature  is gene ra l ly  b e t t e r  than  .1 db. 
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D. Impedance Probe C a l i b r a t i o n  

Figure 15 shows an impedance probe. The s i g n a l  

o s c i l l a t o r  e x c i t e s  t h e  antenna. The c u r r e n t  channel on t he  

r i g h t  p icks  up a s i g n a l  propor t iona l  t o  t h e  c u r r e n t  amplitude,  

The vol tage channel on t h e  l e f t  measures t h e  vol tage  app l i ed  

t o  the  antenna. These two channels are combined t o  produce a 

phase channel.  The magnitude and phase of t h e  impedance are 

then determined by V / I  and t h e  phase between V and I .  

The probe must be c a l i b r a t e d  over a wide range i f  

magnetoionic impedance resonances w i l l  be encountered. These 

resonances occur a t  X = l  and Y2=l-X(394). Observing them a t  

s e v e r a l  f requencies  and d i f f e r e n t  a l t i t u d e s  can be used as a 

means of determining and e l e c t r o n  dens i ty  p r o f i l e .  T h i s  w i l l  

i n d i c a t e  where on t h e  X-Y2 diagram t h e  payload is opera t ing  

a t  each frequency and which f requencies  are supplying re l iable  

data. 

The s imples t  means of c a l i b r a t i n g  t h e  impedance probe 

s a t i s f a c t o r i l y  is to cal ibrate  a t  the  ends of cables having 

t h e  same electrical p r o p e r t i e s ,  l ength  and d i s c o n t i n u i t i e s ,  

as t h e  payload cab le s  lead ing  from t h e  antenna t o  t h e  impedance 

probe. If t h e  a c t u a l  payload cab le s  can be used, t h i s  is 

p re fe rab le .  This  may be impossible because t h e  sepa ra t ion  of 

t h e  cab le s  w i l l  not a l low t h e  a t t a c h i n g  of a c a l i b r a t i o n  load 

ac ross  t h e  two cab le s .  C a l i b r a t i o n  d i r e c t l y  a t  t he  probe w i l l  

r e q u i r e  t ransformat ion  from the  probe t o  the  end of t h e  pay- 

load cab le s  us ing  equat ion 4 where ZRCm becomes t h e  desired 
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antenna impedance and Z is t h e  impedance seen by  t h e  probe. 

The probe c a l i b r a t i o n  is done a t  s e v e r a l  temperatures .  
BR 

A u s e f u l  check is t o  attach t h e  dummy antennas on 

t h e  impedance probe cables and see i f  t h e  probe c a l i b r a t i o n  

curves g ive  t h e  c o r r e c t  va lue  f o r  t h e  dummy antenna impedance. 

E.  Temperature Sensor C a l i b r a t i o n  

Temperature senso r s  are s t r a t e g i c a l l y  mounted i n  

each enc losure  conta in ing  a c t i v e  components i n  t h e  payload. 

The output  vo l t age  of each temperature sensor  is monitored 

when t h e  r e c e i v e r  and impedance probe c a l i b r a t i o n  is i n  progress ,  

F. Antenna Base Impedance 

Measurement. of the  unbalanced and balanced impedance 

of t h e  antenna ex tenders  a t  each frequency is necessary 

t o  permit c a l c u l a t i o n  of t h e  r e c e i v e r  impedance i f  t h i s  base 

impedance is not  included i n  t h e  r e c e i v e r  impedance measure- 

ment s. 

The capaci tance between t h e  antenna and t h e  spacec ra f t  

may be included i n  t h e  base impedance. I t  is obtained by 

measuring t h e  impedance of a monopole i n  a ha l f  model of t h e  

spacec ra f t  over  a ground plane.  I t  is genera l ly  s m a l l  and 

i n  some cases  n e g l i g i b l e .  



SECTION I11 

ANALYSIS OF FLIGHT DATA 

A. Antenna Impedance 

The measured impedance is found from t h e  impedance 

probe c a l i b r a t i o n  curves f o r  t he  appropr i a t e  measurement 

frequency and probe temperature.  Correc t ions  are made i f  

necessary f o r  cab le  l eng ths  and antenna base capac i tance .  

B .  Radiat ion Eff ic iency  

Antenna r a d i a t i o n  e f f i c i e n c y  is defined i n  t h e  

t r ansmi t t i ng  sense as 
.-+ z 

- Power r a d i a t e d  - - i RA - RA 

i 2 R A + i  2R R RA+RR 

-__I - 
7~ Power input  

where RA is t h e  r a d i a t i o n  r e s i s t a n c e  and R 

r e s i s t a n c e  of t h e  antenna. For a s h o r t  d ipo le  decreasing 

t h e  frequency w i l l  lower RA more r ap id ly  than R Also R 

w i l l  reach a te rmina l  value when the  sk in  depth which would 

is t h e  ohmic R 

R R '  

carry t h e  c u r r e n t  exceeds t h e  avai lable  th i ckness  of t h e  

antenna tubing.  Thus %decreases toward lower frequency. 

In  a power matched s y s t e m  %must be accounted f o r  

c a r e f u l l y .  Fortunately however, w i t h  a high impedance r ece ive r  

%can be neglected even though it may be s m a l l .  

t h e  s i m p l i f i e d  r ece iv ing  c i r c u i t  i n  f i g u r e  16. The fundamental 

quant i ty  t o  be measured is t h e  power PL de l ive red  t o  t h e  

Consider 

r ece ive r  

17 
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If RL >> Rn t he  va lue  of R 

it may be t h a t  R 

and Q = 0 . 1  t h e  e r r o r  involved i n  assuming q = 1 is less than 

is unimportant t o  PL al though 
h2 

2 RA and q I; 0 . 5 .  For example i f  RL 2 200'Rn h2 

1%. 

C .  Antenna Temperature 

The r e c e i v e r  i npu t  power is determined from t h e  

r e c e i v e r  c a l i b r a t i o n  curves .  The antenna impedance found 

above and t h i s  measured power are used t o  determine t h e  antenna 

temperature  with t h e  equat ion  

where TA = antenna temperature  

TDA = dummy antenna temperature  f o r  same r e c e i v e r  response 

RA+jXA = antenna impedance 

RDA+jXDA = dummy antenna impedance 

R + j X L  = load impedance seen by dummy antenna L 
R ' + j X L '  = load impedance seen by f l i g h t  antenna;  t h i s  d i f f e r s  L 

f r o m  R + j X L  by capac i tance  of antenna t o  payload 

and by antenna mechanism capac i tance  i f  it is  not  
L 

included i n  R + j X L ,  L 

This  equat ion  is der ived  from equat ion  1 by equat ing  c a l i b r a t i o n  

and f l i g h t  powers PL. I t  is v a l i d  if RL d i f f e r s  f r o m  RL 

only by. non-d iss ipa t ive  capac i tance .  



SECTION I V  

DESCRIPTION OF ASTROBEE 16.03 PAYGOAD 

A .  System Descr ip t ion  

The Astrobee 16.03 payload cons i s t ed  of two receivers, 

two orthogonal 120 f o o t  d i p o l e s ,  an impedance pro5e, a vol tage  

r e g u l a t o r ,  a programmer, temperature senso r s ,  t h r e e  orthogonal 

magnetometers and o the r  a n c i l l a r y  equipment. 

The Ryle-Vonberg receivers were designed by C .  R .  

Somerlock f o r  t h e  RAE s a t e l l i t e  program. They each contained 

e i g h t  frequency channels opera t ing  s e q u e n t i a l l y .  The frequency 

range was 600 KHz t o  3.93 MHz. Useful cosmic noise  da t a  were 

a n t i c i p a t e d  down t o  800 KHz, with t h e  p o s s i b i l i t y  of d a t a  a t  

lower f requencies  i f  t h e  rocket  went h igher  than predic ted  

or i f  t h e  e l e c t r o n  dens i ty  p r o f i l e  w a s  lower than expected. 

The R y l e  Vonberg r ece ive r  is not t h e  bes t  type  for a sounding 

rocket  because of its slow response and complexity and because 

its long t e r m  s t a b i l i t y  is unneeded. I t s  use  on t h i s  f l i g h t  

w a s  intended t o  provide a f l i g h t  check of t h e  receivers 

before  launch of RAE. 

A block diagram of t h e  R y l e  Vonberg receiver is seen 

i n  f i g u r e  17. 

i n t e r n a l  no i se  source.  The output  of t h e  no i se  source is 

adjus ted  by a servo  loop t o  equal  t h e  unknown antenna noise .  

A measurement of t h e  i n t e r n a l  no ise  source by a the rmis to r  

br idge provides t h e  f i n e  output .  The coarse  output  is t h e  

The antenna no i se  is compared with a c a l i b r a t e d  

19 
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se rvo  loop feedback vo l t age .  The no i se  source has a 20 db 

range. Together w i t h  t h e  a t t e n u a t o r  which has t h r e e  ranges ,  

t h e  receiver covers  a 60 db dynamic range. 

The 120 f o o t  d i p o l e s  chosen w e r e  t h e  longes t  a v a i l -  

a b l e  antennas i n  an acceptab le  package s i z e .  Two d i p o l e s  

were used t o  in su re  s p i n  s t a b i l i t y  and Lo provide redundancy. 

One r ece ive r  operated on each d ipo le  and t h e  two s y s t e m s  were 

e lec t r ica l ly  independent. Each boom had a microswitch which 

r e g i s t e r e d  every 1 .4  inches of deployment as t h e  antennas 

extended. 

The impedance probe operated a t  f i v e  f requencies :  

0 . 7 ,  0 .8 ,  0 .9 ,  1 .0  and 2 .8  MHz. I t  w a s  switched on each d ipo le  

f o r  1 . 5  seconds every 12 seconds.  The g r e a t e s t  v a l u e  of 

t h e  probe is t o  show when t h e  resonances X=l and Y2=1-X a r e  

encountered a t  each frequency. From t h i s  information it 

is poss ib l e  t o  determine where each frequency is opera t ing  

on t h e  X-Y2 diagram. 

B.  Block Diagram and Photograph of Payload 

The 16.03 experiment conf igu ra t ion  is shown i n  

f i g u r e  18. Each antenna w a s  connected v i a  r e l a y s  t o  e i the r  

a r ece ive r  or t h e  impedance probe. When t h e  probe w a s  on an 

antenna,  t h e  r e c e i v e r  input  w a s  sho r t ed .  The probe w a s  a l s o  

pe r iod ica l ly  switched t o  c a l i b r a t i o n  loads  a t  each antenna. 

Figure 19 shows t h e  payload. V i s ib l e  are an  antenna 

mechanism and t h e  c y l i n d r i c a l  impedance probe w i t h  p reampl i f ie rs  

f o r  r ece ive r  1 beside it .  P a r t  of r ece ive r  1 and 2 and the  
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programmer can be seen on t h e  next deck. The t o p  two decks 

conta in  b a t t e r i e s ,  t e l e m e t r y  and magnetometers. 

C Vehicle Descr ip t ion  

The Astrobee is a developmental two-stage rocket  

weighing over 5$ t o n s .  

an a l t i t u d e  of 2300 ki lometers  on a 30 minute f l i g h t .  The 

I t  can carry a 100 pound payload t o  

v i b r a t i o n  l e v e l s  reach 12g and a c c e l e r a t i o n  reaches 41g. 

Figure 20 shows the v e h i c l e  on launch d a y .  

D. Launch Day Operations - 
On launch day t h e  chief s c i e n t i f i c  requirements f o r  

launch were a q u i e t  sun ,  a s u f f i c i e n t l y  high ionospheric  

c r i t i ca l  frequency, a shutoff  of t h e  Alouette s a t e l l i t e  sounder 

and a properly func t ioning  experimental  payload and launch 

vehic le .  

Monitoring of two 30 MHz riometers  a t  s epa ra t e  

loca t ions  w a s  conducted a t  Wallops S t a t i o n .  Q u i e t  condi t ions  

i n  t h e  ionosphere as w e l l  as on t h e  sun were ind ica t ed  f o r  

s e v e r a l  hours preceding t h e  f l i g h t .  Real t i m e  data from s o l a r ,  

o p t i c a l  and r a d i o  obse rva to r i e s ,  c o l l e c t e d  a t  t h e  Environmental 

Sciences Service Administration Center i n  Boulder, Colorado, 

w e r e  examined continuously up t o  t h e  t i m e  of launch. Information 

from t h e  Universi ty  of Colorado s o l a r  r a d i o  spectrograph was 

most important i n  t h e  attempt t o  avoid low frequency s o l a r  

b u r s t s  

The Wallops S t a t i o n  ionosonde provided repeated 

ionospheric  soundings u n t i l  j u s t  before  launch and it resumed 

again af ter  t h e  f l i g h t .  
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The Alouet te  I 1  Sounding S a t e l l i t e  w a s  w i th in  range 

of t h e  rocke t  t r a j e c t o r y  and w a s  turned off  f o r  t h e  rocke t  

f l i g h t  by ground command. 

The payload operated w e l l  dur ing ground checks on 

launch day. 

E .  F l i g h t  

A t  135 seconds a f t e r  launch yoyos were scheduled t o  

despin t h e  veh ic l e  from 4 r p s  t o  . O S  r p s  t o  permit t h e  exper i -  

ment antennas t o  deploy s a f e l y .  The despin mechanism f a i l e d  

completely. A t  145 seconds a f t e r  launch a l l  fou r  antenna 

booms came ou t  on schedule.  When they had extended s i x  f e e t  

t h e  deployment rate of two suddenly increased due t o  t h e  l a r g e  

c e n t r i f u g a l  f o r c e s .  They then bent from t h e  C o r i o l i s  f o r c e  

and wrapped around the  veh ic l e .  The impedance probe showed 

t h a t  t h e  antennas w e r e  sho r t ed .  The extension mechanisms 

jammed w i t h  only about 9 f e e t  of t ape  deployed. The s p i n  

rate dropped from 4 r p s  t o  3 r p s  a s  a r e s u l t  of t h e  p a r t i a l  

deployment. The receivers both remained a t  t h e  bottom of 

t h e i r  dynamic range throughout t h e  remainder of t h e  f l i g h t .  

N o  as t ronomical  information w a s  obtained.  

The payload reached an a l t i t u d e  of 2300 k m  and 

impacted a t  39<;'93 nor th  l a t i t u d e  and 56<;'38 w e s t  longi tude ,  

1200 km from t h e  predic ted  po in t .  



SECTION V 

INTERPRETATION OF LOW FREQUENCY COSMIC RADIO NOISE 

A. Synchrotron Radiat ion 

An low energy e l e c t r o n  or pos i t ron  i n  a magnetic 

f i e l d  w i l l  s p i r a l  around t h e  l i n e s  of f o r c e  i n  a h e l i c a l  

path.  The frequency of the  motion is t h e  gyro frequency 

where H is t h e  magnetic f i e l d  

v e l o c i t y  of t he  p a r t i c l e .  The 

component normal t o  t h e  

e l e c t r o n  w i l l  radiate a s  a 

d ipo le  a t  t h i s  frequency. If an observer  is s i t u a t e d  i n  

the o r b i t a l  plane of t h e  e l e c t r o n  most of t h e  apparent 

a c c e l e r a t i o n  of t h e  e l e c t r o n  occurs  as it approaches or 

recedes from t h e  observer .  If t h e  e l e c t r o n  is r e l a t i v i s t i c  

(V near  c> t h e  r a d i a t i o n  f i e l d  is enhanced as t h e  e l e c t r o n  

approaches because t h e  e l e c t r o n  is moving i n  t h e  d i r e c t i o n  

of t h e  f i e l d .  When t h e  e l e c t r o n  recedes t h e  r a d i a t i o n  f i e l d  

i s  a t t enua ted .  The r e s u l t i n g  observed r a d i a t i o n  is concentrated 

along t h e  v e l o c i t y  vec to r  i n  a cone of dimension 

5 m c  = 5x10 ev  
8 = E  E 

where E is t h e  t o t a l  energy of t h e  e l e c t r o n .  

The r a d i a t i o n  is received as a series of pu lses  

of s h o r t  dura t ion  which occur when t h e  e l e c t r o n  is approaching 

t h e  observer .  If t h e  e l e c t r o n  is r e l a t i v i s t i c  its gyro frequency 

bee ome s 
23 
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The pulses  from t h e  e l e c t r o n  are very s h o r t  and cont inue f o r  

some f i n i t e  t i m e .  Four ie r  a n a l y s i s  shows t h a t  t he  e l e c t r o n  

radiates a t  i ts  fundamental frequency v and harmonics each 

w i t h  f i n i t e  bandwidths. The r e s u l t a n t  is an e s s e n t i a l l y  

continuous spectrum. 

H 

The frequency where  t h i s  continuous spectrum has  

its maximum i n t e n s i t y  is given by  

- Wmax e = E ) 2  '2 4 . 6 ~ 1 0  12 H (EBeV12 
Vmax - F = ZGG \mc2 

Thus it is evident  t h a t  h igher  energy e l e c t r o n s  w i l l  r a d i a t e  

a t  higher  frequency. The c r i t i c a l  or average frequency 

radiated by the  e l e c t r o n  is 

V = v /.29 C max 

Figure 21 shows t h e  cosmic r a y  e l e c t r o n  spectrum. 

I t  can be seen t h a t  low energy e l e c t r o n s  are much more numerous 

than high energy e l e c t r o n s .  T h i s  is the  reason why more 

cosmic r a d i o  noise  is radiated a t  lower f requencies .  The 

cosmic r ay  spectrum may be approximated by 

N(E)  d E  = K E-p dE Equation 6 

The exponent - p  is t h e  s lope  of t h e  curve i n  t h e  logari thmic 

p l o t .  I t  is clear from the  observa t ions  t h a t  p v a r i e s  with 

e l e c t r o n  energy. 
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The i n t e n s i t y  of t h e  cosmic r a d i o  noise  is r e l a t e d  

to t h e  cosmic r a y s  by 

Equation 7 

where K and fj are def ined  by equat ion 6 

R is t h e  d i s t a n c e  from t h e  observer, 

Assuming a magnetic f i e l d  of 2 ~ 1 0 - ~  oer s t ed  t h e  c h a r a c t e r i s t i c  

frequency vc given i n  Equation 6 and 7 is found to be 1 M H z  f o r  

.18 BeV e l e c t r o n s  and 10 MHz f o r  .57 BeV e l e c t r o n s .  

Figure 22 shows the  observed low frequency cosmic 

noise  d a t a .  The spectrum t u r n s  over a t  2-3 MHz i f  t h e  few 

high po in t s  below 1 MHz are assumed to be due to some 

phenomenon i n  t h e  s o l a r  s y s t e m .  The turnover  is due i n  p a r t  

t o  t h e  change i n  s lope  of t h e  cosmic r a y  spectrum, but it is 

more t h e  r e s u l t  of f ree- f ree-absorp t ion  i n  t h e  i n t e r s t e l l a r  

ionized hydrogen. 

B. Radia t ive  Trans fe r  

Consider r a d i a t i o n  passing through a cloud of ionized 

gas .  The change of i n t e n s i t y  of a beam contained i n  a c y l i n d e r  

1 c m  i n  c r o s s  s e c t i o n  can be w r i t t e n  as 2 

where kv = volume c o e f f i c i e n t  of absorp t ion  

= volume emiss iv i ty  J v  
Defining o p t i c a l  depth by d T V  = k ds t h e  equat ion becomes 

V 
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dI V = -lV + - J V  = - Iv  + J, - 
d7V kV 

where J v  is called the source function. 

satisfied by a solution of the form 

This equation is 

Thus 

The observed intensity I consists of a contribution 
V 

from the cylinder in the integral term and the original 

intensity I reduced 5y e-'* 
0 

If the cloud being considered contains a thermal 

gas, e.g, HII, then 

Jv = By(T) = Planck's function 

Assuming a uniform temperature in the cloud makes BJT) 

constant: 
= B,(T) 1; ,tV-" dt + Ioe -'V 

IV 
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I n  t e r m s  of temperatures  t h i s  becomes 

-V 
- 

Tb = Te (1-e 'VI -+- Tn e Equation 8 

where Tb = observed b r igh tness  temperature  

Te = e l e c t r o n  temperature  of H I 1  reg ion  

Tn = i nc iden t  nonthermal b r igh tness  temperature  

A t  f requencies  below 10 MHz t h e  nonthermal b r igh tness  

temperature of synchrotron r a d i a t i o n  Tn w i l l  be much greater 

than t h e  thermal b r igh tness  temperature  Te of H I 1  reg ions .  

I n  equat ion 8 T 

cloud 

= Tn when t h e  cloud is absent .  A s  t h e  b 
opac i ty  inc reases  Tb decreases u n t i l  f o r  high opac i ty  

Tb - - Te. A t  1 MIHz for example, Tn 2 . 6 ~ 1 0 ~  OK whereas Te 12000° 

independent of frequency, Consequently a reg ion  of H I 1  i n  

f r o n t  of a b r i g h t  nonthermal source  w i l l  absorb m o s t  of t h e  

nonthermal r a d i a t i o n  below MHz. The  reg ion  w i l l  then appear 

as a dark area i n  t h e  sky because Te << Tn a t  low frequency. 

C. A Model Spectrum 

The b r igh tness  temperature for a uniform mixture  of 

t h e r m a l  and nonthermal emitters is (5) 

Below 10 MHz, Te << Tn and one has 

(1-e- ') Tb = Tn 7 

This  equat ion  r e p r e s e n t s  t h e  g a l a c t i c  component of t h e  observed 
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l o w  frequency emission where it is assumed t h a t  t h e  g a l a c t i c  

emission o r i g i n a t e s  i n  a mixture of thermal and nonthermal 

r a d i a t o r s .  

The o p t i c a l  depth T is given by 

where <Ne2L> is t h e  emission measure 

2 ~ >  = $" N Ni d s  = Js Ne2 d s  
0 e <Ne 0 

This  emission measure g ives  t h e  average of t h e  square of t h e  

e l e c t r o n  dens i ty  along a l i n e  of s igh t .  

The i s o t r o p i c  r a d i o  no i se  component is a t t enua ted  by 

t h e  g a l a c t i c  i on ized  gas  between t h e  sun and t h e  extremities 

of t h e  galaxy 
-7  Tb = Tn e 

The i s o t r o p i c  r a d i a t i o n  is rece ived  c h i e f l y  from t h e  higher  

l a t i t u d e s  because 7 a csc be  

The g a l a c t i c  b r i g h t n e s s  temperature is found t o  vary 

a s  

i n  t h e  range of 10-100 MHz. The isoBropic b r i g h t n e s s  

temperature v a r i e s  a s  
-2 67 Tb a v 

i n  t h e  same frequency i n t e r v a l .  Ex t r apo la t ing  . these  s p e c t r a  
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t o  lower frequency one can determine an o p t i c a l  depth and 

emission measure f o r  each component t o  f i t  t h e  obse rva t iona l  

d a t a ,  

A t  f r equenc ie s  below 0.5 MHz t h e  i s o t r o p i c  component is 

almost e n t i r e l y  gone due t o  absorpt ion,  A t  -3 MHz it is 

reasonable  t o  b e l i e v e  t h a t  t h e  i s o t r o p i c  i n t e n s i t y  exceeds 

t h e  g a l a c t i c ,  Above 10 MHz t h e  s t e e p e r  s lope  of t h e  i s o t r o p i c  

r a d i a t i o n  causes  i t  t o  f a l l  below t h e  g a l a c t i c  component again,  

Figure 23 shows t h e  g a l a c t i c  and i s o t r o p i c  components and t h e  

t o t a l  spectrum, The two components have been se t  equal  a t  

7 NHz, Figure 22 shows t h e  c a l c u l a t e d  t o t a l  spectrum and 

t h e  obse rva t iona l  da t a .  

A b e t t e r  model awai t s  f u r t h e r  observa t ions .  
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REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 

F igwe  14. Automatic computer p l o t t i n g  of Ryle Vonberg 
c a l i b r a t i o n  curves. 



EXPERIMENT ANTENNA 

LINEAR AMP. 

.I 

[,,,,,,,I 
I 

I 
I 

VOLTAGE CHANNEL PHASE CI i  A N  NE L 
Figure 15. Impedance probe block 

CURRENT CHANNEL 
diagram, 



a 



t 





Figure 19. strobee 16,03 payload 



Figure 2 0 ,  Astrobee 16.03 on launch pad. 
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Figure 21. Cosmic ray electron spectrum. 


